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-LosAlamos [ntroduction: Hall effects in matter

((((((

Hall effect ~ Quantum Hall effea
g (1879) | B (1980)
Charge-
‘6’ T momentum
S —p .
| locking +
quantization

. Topologically
Spin Hall Z%fgit Quantum Spin Hall effect | non-trivial Stat:I
(2004) (2006)

Spin-

| | momentum
| locking
See for instance: Rev. Mod. \

Phys. 87, 1213 (2015)
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1 - Marriage of Hall effects of light and Hall effects of matter

PHYSICAL REVIEW LETTERS

Highlights Recent Accepted Collections Authors Referees Search Press About B

Topological phase transitions in the photonic spin Hall effect
Phys. Rev. Lett.

W. J. M. Kort-Kamp arXi1v:1709.02057

2 - Quantum light interactions in topological quantum materials

W\
nature

COMMUNICATIONS

Casimir force phase transitions in the graphene
family

Nature C ications 8,
Pablo Rodriguez-Lopez', Wilton J.M. Kort-Kamp2-3, Diego AR. Dalvit? & Lilia M. Woods! ' ¢ -ommunications

Article number: 14699 (2017)
d0i:10.1038/ncomms14699
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See for instance: Rev. Mod. E — ,U p
Phys. 81, 109 (2009) F

Ea

ot
@ Dirac Hamiltonian

H! = hvp (nkyTy + kyTy)

n=+1(K),n=-1(K’)
@ Massless relativistic fermions

@ Tunable optoelectronic response:

¢ Temperature, chemical potential, strain, magnetic fields
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Physics Today 69, 38 (2016)
Insulator ~
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H] = hvp (NkyTe + kymy)+ AT,
—_—

The expanded graphene family

MG ~ 43 meV

E § AP AP

Band gap control
AT =nskso —elE,

See for instance: Nat. Mat. 16, 163 (2017)
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Band gap control 0 1 Band 2
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ns=—1 ns=+1 ns=—1 ns=+1 ns=-—1 ns=+1
Chern and Spin- ¢ — 3 Tsen(A") €, = 3 %sgn(Ag)
Chern numbers pTi1 2 n,s=+1
(C,Cs) = (0,1) (0,1/2) (0,0)
Topological phase transition
d x> = & Chern number = #holes
z Equivalent topologies:
C ,‘)‘\/ e %jﬁ:—eé%%ckgmund B Chem number
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871'0[’02 IO See for instance: Phys. Rev. Lett. 110, 026603 (2013)
I — £ _
0 D ;A + wg) AZ = 1SASO —€€Ez _nA
Rich electronic phase diagram
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@ Macroscopic scales: geometric optics 0

, . Reflection law
Fresnel’s equations

. koo — ka1 . ek.o — €okz1
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@ Subwavelength scale

{ i % i el Imbert};ifdorov
Ll (9 E O:E,' shitts
Incident light beam 4 0 A
o Spin Hall effect
of light

J. Opt. 15, 014001 (2013)
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@ SHEL 1s typically small: weak measurements

Science 319, 787 (2008)
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@ Current applications

¢ Biosensing: Appl. Phys. Lett. 89, 261108 (2006)
¢ Nanoprobing: Phys. Rev. Lett. 104, 253601 (2010)

¢ Semiconductor characterization: Opt. Lett. 34, 2312 (2009)
¢ Metrology in graphene: Appl. Phys. Lett. 101, 251602 (2012)
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¢ Gfaphene in a magnetic field: Phys. Rev. B 93, 081410(R) (2016)
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© Universal SHEL phase diagram for neutral suspended monolayers
do = hc/ )\SQ

SR ! ¢ SHEL probes the topology

A M nitt
O3 cgn

N ¢ Insulator phases: weak

A C 3t
X o control

¢ Phase transitions: strong

modulation
|A7| < hw

i
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¢ Monotonic behavior near
topologically trivial phases

Wiso = 0.05, 0.1, 0.2

FH*

N Aso

¢ Doping provides additional control over the SHEL. ~ To appear in PRL
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Some analytical results: fw, Al', kT < Ago

.o Cc=0 A 1
9 TI'lVlal to OlO C — 0 N ATE) = —csinf cosf C, cost + —
P gy ( ) SHEL QSSHI, BI Al w

VPM

2 Weak dependence on material properties

2 No distinction between phases
9(9max = 450)

© Non-trivial topology (C # 0)
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2 Interplay between C and n
> Weak divergency with ®

To appear in PRL
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© The role of dissipation and temperature

To appear in PRL

4 Af - QSHI SPM
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2 Changing I, T: tradeoff in the contrast between the phases and A+, A-

2 Thermal excitations due to temperature increase

© What changes 1f we have a substrate?

2 Role of Topology:
O<er<lband e ~0

2 Shifts ~ wavelength:
accessible experimentally

—~ 6
S
24
=
<2
0

Stanene on SiC

QSHI SPM
AQHI

40
H
— 0
q
(e) -~ QSHI _40
9.9 10 10.1 10.2
A (pm)

99 10 10.1 102
A (pm)

Theoretical Division - CNLS/T-4



ya

—
» Los Alamos

NATIONAL LABORATORY

EST 1943

Dispersive interactions

Forces between neutral, but polarizable, bodies that do not
have permanent electric and magnetic multipoles

See for instance: Rev. Mod. Phys. 88, 045003 (2016)

'S - " v\i

-

1873 - 15t evidence: van der Walls

1930 - Explanation: London

1948 - Macroscopic bodies:
H. B. G. Casimir

Perfect conductors

F 2 he

A~ 240 d*

(130nN/cm? @ d = 1um)
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Torsion Pendulum

Phys. Rev. Lett. 78, 5 (1997) Phys. Rev. Lett. 81, 4549 (1998) Science 291, 1941 (2001); Phys. Rev. Lett. 91, 050402 (2003)

@ Applications to gravitation/particle theory

. . mim
¢ Corrections to gravity: V (r) = o2 /A
?/)

¢ The Casimir interaction is the main background force

Phys. Rev. Lett. 116, 221102 (2016)

... experimental evidence for dry adhesion
of gecko setae by van der Waals forces,
and reject the use of mechanisms relying
on high surface polarity, including
capillary adhesion.

PNAS 99, 12252 (2002)
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@ Quantum vacuum interaction energy between two slabs
- Reflection
I d’k .
£ = o /o dw / ( 2w)||2 log det ‘1 — coefficients

I, o, % @ Long separations: ® ~ 0 dominates

WS ¥ @ Expansion of R; and Rz 1n powers of a

Y

ACO  Fine structure

@ Neutral graphene: £, = ———
}\L\N\EL% SHap / 32md? constant

® Other materials from the graphene family  Nat. Comm. 8, 14699 (2017)

‘a0 hea Vel 2hca?C? heo
In —Cl Cz
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¢ Various scaling laws with d, a, and material parameters

59 57TA1A2d2 8Ad

T
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Nat. Comm. 8, 14699 (2017)

1 @ Phase diagram
EL . @Blurring due to
1 dissipation
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+ @ Quantization and
repulsion

@ Doping: 2D metals

%
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Nat. Comm. 8, 14699 (2017)
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@ Experimental implementation

¢ Low temperature set-up:
cryogenic AFM (4 K)
¢ 2D layer - gold sphere interaction

F'osu-aw/R = 1.3 Pa F'svpm-a/R=1.9 Pa  Sensitivity = 0.1 Pa
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@ Graphene family: quantum material to study the crossroads between
topology, spin-orbit interactions, Dirac physics

@ Interplay between photonic and matter Hall effects: using optics to
probe electronic properties

@ Surprisingly manifestation of topology in quantum dispersive Casimir

interactions o
Quantum friction and topology

Topology and"Quantum Hall effect Quantum friction Hall effect?
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2 )
h s 2 :
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e E./Aso
Patrick Ledwidth (UGS, MIT) Belén Farias (Postdoc, Buenos Aires)
Manuscript 1n preparation Manuscript in preparation
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QED Topology

Crossroads between
topology, photonics, and 2D
van der Waals materials, in
order to bring together
topological aspects in both
quantum materials and
quantum light.

Graphene family
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Collaborators in the Casimir force phase transitions paper

(L] i)
Diego Dalvit Lilia Woods Pablo Lopez

(LANL, USA)  (USF,USA)  (ICMM, Spain)

A. Azad, H.-T. Chen, P. Milonni, D. Moore, M. Reitten (LANL); A.
Manjavacas (UNM); B. Amorim , N. Peres, (Univ. Minho); R. Capaz,
C. Farina, F. Pinheiro, F. Rosa (UFRJ);
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